Summary.-Hepatocytes prepared by a simplified enzymatic technique were active in the incorporation of RNA and protein precursors into acid-insoluble material. The incorporation of RNA precursors was very markedly inhibited by low levels of aflatoxin B1 and G1 but not by aflatoxins B2 and G2. The activity of mixed function oxidases (MFO), the drug-metabolizing system of the endoplasmic reticulum, could be suppressed in these cells by SKF 525A or stimulated by NADPH. SKF 525A caused a reduction in the inhibition by aflatoxin B1 of the incorporation of RNA precursor into macromolecules. This finding suggests that a metabolite of aflatoxin B1 is the actual inhibitor of RNA synthesis in the cells.
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Measurement of lactate dehydrogenase activity showed these cells to be leaky on incubation at 37°C and thus not suitable for studies of protein secretion.
SUSPENSIONS of isolated hepatocytes may be used to study the interaction of toxic materials, particularly hepatocarcinogens, with living cells. The cells possess active drug-metabolizing enzymes, such as the cytochrome P450-associated mixed function oxidases (MFO) and the use of hepatocyte suspensions couples the advantages of an in vitro system in which multiple experiments may easily be performed, with ability of the cells to metabolize xenobiotics in a manner similar to intact liver. We report here some effects of aflatoxins on isolated hepatocytes prepared by a simplified enzymatic technique.
Investigations using subcellular systems have demonstrated that aflatoxin B1 is metabolized by hydroxylating enzymes in microsomes. One or more of the products can interact covalently with macromolecules such as DNA and protein in mammalian cells and can produce a lethal response in certain strains of bacteria (Garner et al., 1971; Garner, Miller and Miller, 1972;  Garner and Wright, 1973; Garner, 1973) . Activated products also inhibit RNA and protein synthesis in vitro (Moule and Frayssinet, 1972; Sarasin and Moule, 1973b) . We outline here some preliminary investigations on the role of metabolic activation in the inhibition of RNA synthesis by aflatoxin B1 in isolated hepatocytes using an inhibitor ofthe mixed function oxidases, SKF 525A (diethyl aminoethyl-diphenyln-propyl acetate).
AIATERIALS AND METHODS
Heparin used was ' Heparin for injection" from Evans Medical Ltd (Speke, Liverpool Hanks and Wallace (1949) except for the omission of phenol red and chloroform and the Ca++-and Mg++-salts). Perfusate from the upper reservoir was introduced into the liver through the cannula in the portal vein and the posteria vena cava then severed to allow the perfusate to escape after passage through the liver. The first 50 ml wAere discarded from an aperture in the base of the platform but after this the perfusate was directed into the lower reservoir from which it was returned to the upper reservoir by a peristaltic pump so that a complete circulation was achieved. At this point a small volume of CMFH containing 50 mg of collagenase and 100 mg of hyaluronidase was added to the lower reservoir. The total circulating perfusate volume was about 100 ml and a constant level was maintained in the upper reservoir 14 cm above the portal cannula, overflow being conveyed directly back to the lowser reservoir by a large-bore plastic tube. Perfusion with the disaggiegating enzymes was continued until considerable digestion and disorganization of the liver was evident (10-30 min). The cannula was then removed and the liver rapidly excised into a siliconized 500 ml beaker kept on ice. Perfusion medium was poured on to the liver and gassed w!ith 02/CO2. The knot of connective tissue around the proximal portal branches was grasped w%ith forceps and the liver lobes were gently massaged with a siliconized glass rod. Well-digested livers had a smooth texture and readily produced a creamy suspension wvith little pressure. The crude cell suspension was transferred to a siliconized flask, gassed thoroughly and shaken for 20 min at 37°C. After incubation, which caused disaggregation of large clumps of cells, the flask contents wvere again gassed and filtered through nylon bolting cloth (pore size 61 ,um, purchased from Henry Simon Ltd, Cheadle, Cheshire) with the assistance of ice-cold CMFH. The cells were kept on ice for 30 min to allow them to sediment to the base of the flask. The sediment was resuspended in CMFH and collected by centrifugation for 2 min at 30 g in siliconized centrifuge tubes. Finally, the cells w%ere again resuspended in CMFH and filtered through bolting cloth, yielding a homogeneous cell suspension.
Cell viability and yield.-About 9000 of the cells in the final cell suspension had sharply defined peripheries when viewed by phase contrast microscopy and these cells were also viable by the criterion of trypan blue exclusion. Electron microscopy of thin sections of such cells revealed normal ultrastructure, as frequently reported for rat liver cell suspensions prepared by similar means (Berry and Friend, 1969; Capuzzi, Rothman and Margolis, 1971; Muller et al., 1972 and Kartenbeck, 1974) .
The yield of viable cells, as determined by haemocytometer counts, was of the order of 2-0 x 107/g wet weight of liver, which represents a recovery of about 20% of the parenchymal cells of the liver (Evans, 1973) .
Incubation of cell saspensions. Each incubation contained the following standard components in 100 ml siliconized flasks: 2 ml freshly dissociated cells in CMFH (giving a final viable cell concentration of 2-5 x 106/ ml); Full Medium 199, 20 mM with respect to Hepes, pH 7-35; 2 ml calf serum; 0 1 ml standard antibiotic solution (5 mg penicillin, 10 mg streptomycin sulphate, per ml distilled water). All components and incubation flasks wrere kept ice-cold until the start of the incubation. Drugs and labelled precursors were added to the incubation mixture in small volumes, usually 041 ml or less, from concentrated stock solutions. Incubations were performed at 37°C in a shaking rotary Warburg water bath without gassing.
Time courses of incorporation were followed by removing 1 ml samples and adding these to 1 ml ice-cold 10% w/v trichloroacetic acid. The precipitates were washed by centrifugation x 4 with 5 ml aliquots of ice-cold 500 w/v trichloroacetic acid, dried at 80°C and dissolved in 2 ml Soluene-100. Samples were finally counted in 10 ml of a PPO-based scintillation fluid (which contained, per 1, 4 g 2,5-diphenyloxazole (PPO), 100 ml AR methanol, 900 ml AR toluene) in an Intertechnique ABAC SL40. The computing facility of this machine wAas used to calculate the D/min automatically, after 3H-and 14C-quench curves had been determined.
The incorporation of precursors into macromolecules wNas due to the cells themselves and not to contaminating microorganisms and the incorporation of 3H-thymidine into DNA during a 2 h incubation was linearly dependent on cell concentration (Evans, 1973) . Serum was found to be necessary to preserve viability during prolonged incubations. In the presence of serum the rate of incorporation of 14C-orotic acid into RNA duringf a 40 min time course following a 5.5 h incubation period was 740o of the pre-incubation rate: in the absence of serum the figure was only 28o% (Evans, 1973) .
Lactate dehydrogenase was assayed as recommended by Bergmeyer (1963) . The reaction mixture consisted of the followNing: 2-83 ml phosphate buffer, 041 M, pH 7 0; 0410 ml sodium pyruvate, 9 x 10-3 M; 0 05 ml NADH, 10 mg/ml; 0-025 ml test solutions.
The reaction rate was followed by monitoring the decrease in the absorbance at 340 nm with a Unicam SP 8000 spectrophotometer.
Amidopyrine demnethylase.-The activity of the amidopyrine demethylase in the hepatocytes was estimated by monitoring the quantity of formaldehyde, a product of demethylation, produced on incubation for 2 h with 8-5 mM amidopyrine. Five mM semicarbazide-HCl was included in the incubations to trap the formaldehyde produced. The formaldehyde was assayed using the Nash reagent (0-02 M acetyl-acetone, 0 05 M acetic acid, 2 M ammonium acetate: Nash, 1953) as recommended by Stitzel et al. (1966) .
TwAo ml aliquots of the incubates were taken at t = 0 and t = 2 h and I ml of saturated Ba(OH)2 added. The samples were precipitated by the addition of 1 ml of 20% ZnSO4. After centrifugation in a bench centrifuge, 1 ml of Nash reagent was added to 2-5 ml of supernatant. The resulting solution was then incubated at 60°C for 30 min and the absorbance at 412 nm estimated using a Unicam SP 8000 spectrophotometer.
RESULTS AND DISCIUSSION
When the isolated hepatocytes were incubated with low levels of aflatoxin B1, the incorporation of 3H-orotic acid (an RNA precursor) into acid-insoluble material was very markedly inhibited, whereas the incorporation of '4C-amino acids (protein precursors) was reduced to a much lesser extent (Fig. 1) . Furthermore, there were indications of an effect on the incorporation of orotic acid as early as the time at which the first sample was taken (I11 min from the start of the incubations), whereas no effect on the incorporation of amino acids was evident until the elapse of 33-44 min. These observations are consistent with the known effects of aflatoxin B1 on RNA and protein synthesis in rat liver in vivo, when an early and profound inhibition of RNA synthesis has been noted (Sporn et al., 1966) prior to an inhibition of protein synthesis (VillaTrevino and Leaver, 1968) .
Inhibition of RNA synthesis by aflatoxin B1 has also been found using Chang liver and kidney T-cells (Scaife, 1971) and kidney epithelial cells (Engelbrecht and Altenkirk, 1972) . (Sarasin and Moule, 1973a) . In order to ascertain further how closely the behaviour of the hepatocyte svstem reflected the responses of liver cells in rivo to treatment with toxins, the effects of four different aflatoxins on the incorporation of RNA precursors was studied. The aflatoxins are known to inhibit the incorporation of RNA precursors into rat liver in the following order of declining potency: B1 > GQ > B2 > G2 (Edwards et al., 1971) . In complete agreement with this, the inhibition by B1 was considerably greater than by G1 in the hepatocyte system. B2 and G2 caused hardly any inhibition even though they were present at higher concentrations (Fig. 2) .
To (letermine whether the inhibition of RNA synthesis by aflatoxin B1 requires prior metabolic activation of the carcinogen by the mixed function oxidases of the endoplasmic reticulum, the effects of an inhibitor of mixed function oxidase, SKF 525A (Rogers and Fouts, 1964; Anders and Mannering, 1966; Jenner and Netter, 1972) were investigated. Concentrations of SKF 525A above 1P6 x 10-4 M completely suppressed all incorporation of 3H-orotic acid into acid-insoluble material by the cells (Fig. 3) . Cells treated in this way displayed a grossly altered morphology on examination under a light microscope. 1P6 x 10-4 M SKF 525A caused a 15% inhibition in the rate of incorporation of 14C-orotic acid. However, in spite of the toxic properties of the inhibitor itself, the preincubation of the cells with l 6 x 10-4 M or 6-6 x 10-5 M SKF 525A antagonized to a significant extent the inhibition caused by aflatoxin B1, and this antagonism was greater when the higher concentration of SKF 525A was used. This indicates that at least a part of the inhibition caused by aflatoxin B1 in the cells probably requires the metabolic To verify that the SKF 525A was actually inhibiting the drug-metabolizing system, the cells were incubated in the presence and absence of SKF 525A and tested for their ability to demethylate amidopyrine. As shown in Fig. 4 , SKF 525A markedly inhibits the demethylation of amidopyrine by the cells, and NADPH greatly stimulates demethylation, showing that low levels of endogenous NADPH may be rate-limiting for the process. Aflatoxin B1, at a level sufficient to cause a significant suppression of RNA synthesis, had no effect upon the demethylation, showing that the drug-metabolizing system is not sensitive to the toxin in the presence of an alternative substrate (amidopyrine). The observation that SKF 525A could partially relieve the inhibitory effect of aflatoxin B1 on RNA synthesis was confirmed in other experiments, although both the inhibition by aflatoxin and the antagonism of this inhibition by SKF 525A were found to vary from one cell preparation to another. The source of this variation was thought to reside in two uncontrolled factors: (i) differences in the yield of cells from individual livers, and (ii) differeInces in the integrity of cells in (Garner, 1975) . The differences involved are large enough to be considered significant. These effects cannot be interpreted with certainty at the present time. They could be due to a change in the metabolite pattern of aflatoxin B1 or alteration of the NADPH/ NADP+ ratio on induction, as suggested by Moldens et al. (1974) . It has been demonstrated that aflatoxin B1 and other carcinogens cause the removal of bound ribosomes from the endoplasmic reticulum of liver cells (Williams and Rabin, 1971; Svoboda and Higginson, 1968) . Such a lesion might interfere with the transport of secretory proteins to the exterior of the cell. As a preliminary to testing possible effects on secretion we investigated the integrity of the plasma membranes of the hepatocytes in suspension by measuring the levels of an intracellular enzyme, lactate dehydrogenase (LDH) in both the cellular and extracellular compartments. The results are presented in Fig. 6 and it can be seen that a very appreciable amount of leakage occurs during incubation of these cells.
This experiment demonstrates that the plasma membranes of the hepatocytes isolated by enzyme perfusion are leaky, and this conclusion is supported by other workers who have studied the intactness of the retaining membranes by trypanblue exclusion (East, Louis and Hoffenberg, 1973) . The LDH leakage observed here on incubation of isolated liver cells is very similar to that reported by Johnson, Blecher and Giorio (1972) , and would seem to preclude studies of protein export by such cells. The transfer of protein from enzymically-dissociated normal and hepatoma cells to the suspending medium has been investigated by Schreiber et al. (1974) , but these workers failed to take account of the possible contribution of leakage to their results.
We conclude that the isolated hepatocytes prepared by the simplified enzymatic techniques provided a good system in which to study the effects of toxins and 
